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128x3 analog buffer + fast ADC
ATWD

capture gate

PMT signal
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sliding capture window
with 1.49ns step and 1.49x4ns window

A
ATWD

ATWD

B

threshold 0.5mV

1/3p.e.

PMT

x4

x1/2

x20

Trigger

higher threshold
> 200hits(~0.7MeV)

lower threshold
> 120hits(~425KeV)

Nsum

40nsec delay
High gain

Medium gain

Low gain
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Mean  =  2.294
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Mean  =  9.041
RMS   =  209.1
Chi2 / ndf = 90.78 / 23

 11.48 ±Constant = 974.9 
 0.1981±Mean     = -2.144 
 0.1836 ±Sigma    = 21.24 

nhit
0 200 400 600 800 1000 1200 1400

0

100

200

300

400

500

600

h3
Nent = 12290  
Mean  =  833.7
RMS   =  70.75
Chi2 / ndf =  37.6 / 30

 6.849 ±Constant = 530.3 
 0.2793 ±Mean     = 854.1 
 0.2757 ±Sigma    =  24.9 

number of hit h3
Nent = 12290  
Mean  =  833.7
RMS   =  70.75
Chi2 / ndf =  37.6 / 30

 6.849 ±Constant = 530.3 
 0.2793 ±Mean     = 854.1 
 0.2757 ±Sigma    =  24.9 

 [nsec]Tσ
0 2 4 6 8 10 12 14 16 18 20

0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

h4

Nent = 12290  

Mean  =  9.427

RMS   = 0.4057

sigma of time h4

Nent = 12290  

Mean  =  9.427

RMS   = 0.4057

 / ndfQ
2χ

0 1 2 3 4 5 6 7 8 9 10
0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

h5

Nent = 12290  

Mean  =  1.072

RMS   = 0.2232

chi square of charge h5

Nent = 12290  

Mean  =  1.072

RMS   = 0.2232

 / ndfT
2χ

0 1 2 3 4 5 6 7 8 9 10
0

200

400

600

800

1000

1200

1400

1600

1800

2000

h6

Nent = 12290  

Mean  =  1.151

RMS   = 0.2629

chi square of time h6

Nent = 12290  

Mean  =  1.151

RMS   = 0.2629

Co at center

<�2��� *'&+O ��6� �!� %�%-* I %�*** ��/� 
� ��� ������ �������� O .������ ����2$ �������������
> �������� ������ �� =�1 ���� ��2�
 �� ���� ������� �� �� ��
�2� ������� �� �� ����'



������� �� ���
� ����
�����	�
 �
� �������� ���	����	�
 �!

visible energy [MeV]
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

0

100

200

300

400

500

600

700

h1
Nent = 18439  

Mean  =   2.27
RMS   = 0.2608
Chi2 / ndf = 47.27 / 37

 6.859 ±Constant = 646.8 

 0.0009276 ±Mean     = 2.345 
 0.0009226 ±Sigma    = 0.1013 

visible energy h1
Nent = 18439  

Mean  =   2.27
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Mean  =  713.2
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Chi2 / ndf =  62.5 / 30
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Mean  =  41.83
RMS   =  247.9
Chi2 / ndf = 41.64 / 23
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Ge at z = −5.5 m
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Hg at z = −5.5 m
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Charge correlation
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Charge correlation
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Charge correlation
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Charge correlation
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(b) 7 - 15 MeV
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(c) 3 - 7 MeV
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(d) 2 - 3 MeV

]
2

 [m2+y2x
0 5 10 15 20 25 30 35 40 45 50

z 
[m

]

-8

-6

-4

-2

0

2

4

6

8
(e) 1 - 2 MeV
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(f) 0.5 - 1 MeV
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Hokuriku Electric Power Co.–Shika

Tohoku Electric Power Co.–Onagawa

Hokkaido Electric Power Co.–Tomari
Tohoku Electric Power
Co.-Higashidori

Electric Power Development Co.-Ohma

Tohoku Electric Power
Co.-Maki

Chubu Electric Power Co.–Hamaoka

Tokyo Electric Power Co.–Fukushima Daini

The Japan Atomic Power Co.–Tokai
Closed (Mar.1998)

The Japan Atomic Power Co.–Tokai Daini

Tokyo Electric Power Co.–Fukushima Daiichi

Shikoku Electric Power Co.–Ikata

Tokyo Electric Power Co.–
Kashiwazaki Kariwa

The Kansai Electric Power Co.–Mihama

The Kansai Electric Power Co.–Ohi

The Kansai Electric Power Co.–Takahama

The Chugoku Electric Power Co.–Shimane

Kyushu Electric Power Co.–Genkai

The Chugoku Electric Power Co.–
Kaminoseki

Output scale

Under 500MW Under 1,000MW

Kyushu Electric Power Co.–
Sendai

The Japan Atomic Power Co.–Tsuruga

Operational
Under construction

Operating

Under construction

Preparing for construction
Preparing for construction

Number of Units Total Output (MW)

TotalOver 1,000MW

KamLAND
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radius

<�2��� ,'!O 1�� ���
����� �� #
�
���� �����
� ��
����� 
�� 	
����' 1�� �
���� ���� ���)�
%0" �� �
���� ���� 	
����'



������� �� ������� �
�	�
���	
� ���	���	�
 %,%

1
��� ,'!O #
�
���� 
�� 	���
� ��
����� � �
�� % �

����
�$ ��
���� �
�� ����
��� �$�� �����
� ��)�� ��������
� ��)��
L��M L�?M L�?M

6���� 7
�
��
�% !%*'-! E?� %,�* ,&"
7
�
��
�! !%*'0" E?� !&*+ 0&"
7
�
��
�* !%&'"% E?� *!�* %%""
7
�
��
�& !%&'%, E?� *!�* %%*-

7
�
��
�,� � E?� *�!+ %*0"

6��2��� ����
���% &"%'"- E?� %*0" &+"
����
���! &"%'!! E?� !&*+ 0!"

B����� 1��
�! !�,'*- E?� *!�* %%""
1����2
�% %*0'&- E?� %"+& *,-
1����2
�! %*0'&0 =?� *&!* %%+"

7���
��� 1��
���% -0*'"& =?� %+," ,-�
1��
���! -0!'�! =?� %+," ,-�

7������� ����
�% 0-'+- E?� %,�* ,&"
����
�!� � E?� *�!+ %*,0

#
�
������
�6$��� <�2�� %*0',% 1� ,,- %+,
���D� %&%',% <E� -%& !0"

	
��
� ���
�
�% %&,'-! =?� %"*% *&"
���
�
�! %&,'-- =?� %&,+ ,""
���
�
�* %&,'0* =?� !&&" 0!+

8���% %-0'-, =?� *&!* %%-,
8���! %-0'0* =?� *&!* %%-,
8���* %-�'"& =?� *&!* %%0"
8���& %-�'%+ =?� *&!* %%0"

1
�
�
�
�% %�%'!& =?� !&&" 0!+
1
�
�
�
�! %�%'!- =?� !&&" 0!+
1
�
�
�
�* %�%'+0 =?� !++" 0-"
1
�
�
�
�& %�%'-% =?� !++" 0-"

	$��$� B���
��% -,&'&" =?� %+," ,,�
B���
��! -,&',% =?� %+," ,,�
B���
��* -,&'+* =?� *&!* %%0"
B���
��& -,&'-& =?� *&!* %%0"
����
��% 0*"'*0 =?� !++" 0�"
����
��! 0*"'*" =?� !++" 0�"

������� (�
�
�% ,+"'-� =?� %+," ,++
(�
�
�! ,+"'0, =?� %+," ,++
(�
�
�* ,+"'-" =?� !++" 0�"

1����� 8�
2
)
�% &*"'&0 E?� %,�* ,!&
8�
2
)
�! &*"'+" E?� !&*+ 0!,
8�
2
)
�* &*"',% E?� !&*+ 0!,

7�2
��������%� � E?� *!�* %%""



������� �� ������� �
�	�
���	
� ���	���	�
 %,!

1
��� ,'*O #
�
���� 
�� 	���
� ��
����� � �
�� ! �

����
�$ ��
���� �
�� ����
��� �$�� �����
� ��)�� ��������
� ��)��
L��M L�?M L�?M

1��$� <�������
%�% *&�'&* E?� %*0" &+"
<�������
%�! *&�'*- E?� !*0% -0&
<�������
%�* *&�'*& E?� !*0% -0&
<�������
%�& *&�'*" E?� !*0% -0&
<�������
%�, *&�',, E?� !*0% -0&
<�������
%�+ *&�',� E?� *!�* %%""
<�������
!�% *&,'*& E?� *!�* %%""
<�������
!�! *&,'&" E?� *!�* %%""
<�������
!�* *&,'&& E?� *!�* %%""
<�������
!�& *&,'&- E?� *!�* %%""

	
���)
>
��	
��)
�% %,�'%" E?� *!�* %%""
	
���)
>
��	
��)
�! %,�'!* E?� *!�* %%""
	
���)
>
��	
��)
�* %,�'*& E?� *!�* %%""
	
���)
>
��	
��)
�& %,�',& E?� *!�* %%""
	
���)
>
��	
��)
�, %+"'+! E?� *!�* %%""
	
���)
>
��	
��)
�+ %+"',! E?� *�!+ %*,+
	
���)
>
��	
��)
�- %+"'&" E?� *�!+ %*,+

	7�= 	����% -*&',! =?� %-!- ,0-
	����! -*&',! =?� %�%* +,"
	����* -*&',! =?� !-�+ �,"
	����& -*&',! =?� !-�+ �,"

F������% -%%'0% =?� !-�+ �,"
F������! -%%'0% =?� !-�+ �,"
F������* -%%'0% =?� !�&* %"""
F������& -%%'0% =?� !�&* %"""

F������,� -%%'0% =?� !�&* %"""
F������+� -%%'0% =?� !�&* %"""

?�����2�% -"0',0 =?� %��, +-0
?�����2�! -"0',0 =?� !"+" -""
?�����2�* -"0',0 =?� !"+" -""
?�����2�& -"0',0 =?� !"+" -""

A��22)
�2�% �0+'&% =?� !-�+ �,"
A��22)
�2�! �0+'&% =?� !-�+ �,"
A��22)
�2�* �0+'&% =?� !�&* %"""
A��22)
�2�& �0+'&% =?� !�&* %"""
A��22)
�2�, �0+'&% =?� !�&* %"""
A��22)
�2�+ �0+'&% =?� !�&* %"""

Y O ����� ������������



������� �� ������� �
�	�
���	
� ���	���	�
 %,*

neutrino energy [MeV]
0 1 2 3 4 5 6 7 8 9 10

n
eu

tr
in

o
 s

p
ec

tr
u

m
 [

/f
is

si
o

n
/M

eV
]

10
-6

10
-5

10
-4

10
-3

10
-2

10
-1

1

10

U235 

U238 

Pu239 Pu241 

<�2��� ,'*O @���2$ ������
 �� 3�� :�� ���� �����
� 4������ ���F ���F ���=� 
�� �	�=� L00 0� 
�"M' 8.��
�� �������� �� ������� )����� %'&5 
����
�$ L,& �%M'

neutrino energy [MeV]
0 1 2 3 4 5 6 7 8 9 10

u
n

ce
rt

ai
n

ty
 [

%
]

10
-4

10
-3

10
-2

10
-1

1

U235 

U238 

Pu239 

Pu241 

total

<�2��� ,'&O F�����
������ �� �������� ������
 ���� ���� ��������'



������� �� ������� �
�	�
���	
� ���	���	�
 %,&

Date
3/3 1/30

fi
ss

io
n

/s
)

19
F

is
si

o
n

 r
at

e 
(1

0
0

1

2

3

4

5

6

7

8
19x10

Mar Apr May Jun

2002
Jul Aug Sep Oct Nov Dec Jan Feb Mar

2003
Apr May Jun Jul Aug Sep Oct Nov Dec

A typical 1.3GWe class BWR in Japan

0

1

2

3

4

5

6

7

8
U235

U238
Pu239

Pu241

Data provided according to the special agreement between
Tohoku Univ. and a Japanese nuclear power reactor operator.
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